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Mode of operation of centrifugal-jet pumping unit - with slipstream of gas-liq. 
feed mixt. combined with sepd. gas, drawn into jet pump by pumped sepd. liq. 
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IVANO-FRANK OIL GAS INST Standard company 
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(IVAN)... 
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( RU2016265C ) Gas-liq. mixt. is introduced via the line (1) into the sepg. drum (2) 
where it separates into liq. and gas. Liq. is pumped from the bottom of the drum (2) 
by the pump (5) into nozzle of the jet pump (6), which draws gas from top of the 
drum (2) via the line (4) and delivers gas-liq. mixt. under pressure to user. A 
slipstream of the feed mixt. is diverted from the feed line (1) via the line (8) and valve 
(9) into the gas removal line (4). 

Use - In the gas, oil, power generating and in other industries. 

Advantage - High efficiency due to improved power interchange between interacting 

streams. 
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(54) CnOCOE PABOTbl HACOCHO-3)KEKTOPHOPi CUCTEMbl 



(57) Pec^epaT: 

Cyu^HOCTb M3o6peTeHHfl: noaaioT 
ra30>KMAKOCTHyK) cwiecb Ha bxoa cucTewibi. 
Ciwecb cenapupyioT. HameTawT 

OTcenapupoBaHHyio wkiflKocTb m 3>KeKTnpyKDT ero 
OTcenapupoBaHHbiW ra3. MacTb cfwiecu OT6npaioT 

M HanpaBTlflKDT COBM6CTHO C nOTOKOM 



OTcenapupoBaHHoro rasa Ha sxeicrupoBaHMe 
HameTaeMOfi OTcenapuposaHHoCi wHflKocTbio. 
npeABapnTe/ibHO Ana pa3/iMHHbix pacxoAOB 
0T6wpaeM0fi CMecu ctpoht 3aAaHHy>o 
xapaicrepucTn^ecKyK) 3aBHCwwocTb. 2 3.n. cjwibi, 
2 M/i., 1 Ta6n. 
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(54) METHOD FOR OPERATING PUMP-EJECTOR SYSTEM 



(57) Abstract: 

FIELD: hydraulic engineering. SUBSTANCE: 
gas-fluid mixture is fed to the inlet of the 
system. The mixture is separated. The 
separated fluid is pumped and the separated 
gas is ejected. Part of the mixture is bled 



and fed together with the flow of the 
separated gas for ejection of the pumped 
separated fluid. A particular characteristic 
relation for various flow rates of the bled 
mixture is preliminary plotted. EFFECT: 
improved reliability. 3 cl, 2 dwg, 1 tbl 
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M3o6peT8Hne othocmtca k crpyMHOM" tbxhmks 
m MOKeT Hafl™ npMMeHeHne b Hect)Tera30Bofl 
npoMbiiu/ieHHOCTn, TenjioaHepreTUKe m Apyrux 
OTpacnnx HapoAHoro xo3*wcTBa. 

l/laaecTeH cnocoo" pa6oTbi 

HaCOCHO-3)KeKT0pHO« CMCTeMbl, BK/llOHaiOLUMM' 

cenapaL^MK) ra30>KMAKOCTHOM" cmgch, HameTaHne 
OTcenapupOBaHHOfl wmakoctm m HanpaB/ieHne 
OAHOfi ee MacTM noTpe^nTenio, a ApyroR - Ha 
3>KBKTnpoBaHne OTcenapMpoBaHHoro ra3a c 
nocneAyJomefl noAaneM" ra30>KMAK0CTH0fl CMecu 

Ha BXOA CMCTeMbl. 

HeAOCTaTKOM cnocooa flB/iaeTCfl HM3Kaa 

SCjxfeeKTMBHOCTb 3)KeKTMpOBaHMfl. 

Han6o/iee 6tim3Kmm k 3aaBnfleMOMy 
TexHMHecKMM peweHMeM ABrmeTca cnocoo" 

pa60Tbl HaCOCHO-3)KeKTOpHOM CMCTeMbl, 

BKJiJOHajou^n^ noAany ra30>KMAKOCTHofl cMecu Ha 
bxoa cucTeMbi, cenapai^nio ciwecu, HameTaHMe 
OTcenapupoBaHHOM wmakoctm, m sxeianpoBaHMe 
eio OTcenapuposaHHoro ra3a. 

HeAocraTOK M3BecTHoro cnocooa - HH3Kan 
npon3BOAHTeribHOCTb cvicreMbi. 

Llenb M3o6peTeHMfl - yBe/iMHeHne 

npOM3BOAMTe/lbHOCTH CMCTeMbl 3a CHeT 

ynyHiiieHUfl 3Heproo6MeHa Me>KAy 

B3aHMOAe^CTByK)lHHMM nOTOKaMM, OnTMMMSaL^Hfl 
pa60Tbl HaC0CH0-3>KeKT0pH0fl CUCTeMbl M 

o6ecneHeHne peacMMa MaKCMMajibHOM 

npOM3BOAMTenbHOCTM CMCTeMbl. 

3to AocTuraeTCfl TeM, hto nacTb 
ra sojkm akoct h o ft CMecu, noAasaeMoR Ha bxoa 

CMCTeMbl, OT^MpaiOT COBMeCTHO C nOTOKOM 

oTcenapMpoBaHoro ra3a Ha 3>KeKTMpOBaHMe 
HameTaeMOM oTcenapMpoBaHHOM >KMAKOCTbio. 

OnTMMM3ai4M« paOOTbl HaCOCH0-3>KeKT0pH0M* 

cMcreMbi AOCTMraeTCfl TeM, mto npeABapMTenbHo 
An a pas/iMMHbix pacxoAQB oTCwpaeMOM" 

ra 30>KM AKOCTH O M CMeCM CTpOflT 

xapaicrepMCTMHecKyK) 3aBMCMMocrb 

Q c = f(Q«c 0T6 ) r Ae Q c - npoM3BOAMTenbHOCTb 
CMcreMbi no ra3o>KMAK0CTHOM CMecM, n/c; 

Qjkc 07 ^ - pacxoA OT^MpaeMO^ rasoKMAKOCHofi 
CMecM, n/c, no kotopom ycTaHaanMBaioT pe>KMM 
pa6oTbi CMCTeMbl b AMana30He BepxHetf botbm 

XapaKTepMCTMHeCKOM 3aBMCMMOCTM, 

orpaHMHeHHOM eeriMMMHOM MaKCMMaxibHoro 
pacxoAa 0T6MpaeM0M ra30>KMAKOCTHOM CMecM. 

OnpeAen^ioT 3HaneHMe onTMManbHoro 
pacxoAa OTGMpaeMOi* ra30>KM akoct ho cmocm 

(Q dkc ° Tfl )orTT. COOTBeTCTByiOLAee MaKCMMa/lbHOfi 
npOM3BOAMTe/lbHOCTM CMCTeMbl, M paCXOA 

0T6npaeM0M ra30>KMAKOCTHofi CMecM 
noAaepKMBaiOT b AMana30He 0,52-1,5 

(Q 0Tfl ) nrrr 
^ rxc «m- 

Ha o>kir. 1 npeACTaBneHa cxeMa ycTpoflcTBa 
Ana ocyiAecTB/ieHMfl npeAnaraeMoro cnoco6a; 
Ha cf)Mr. 2 - xapaiaepMCTMMecKafl 

3aBMCMMOCTb Q c = ^C^c 076 ). 

YcTpoWcTBO Anfl ocynecTaneHMfl cnoco6a 

pa60Tbl HaCOCHO-3)KeKTOpHO^ CMCTeMbl 

coAep>KMT bxoahoR Tpy6onpoBOA 1 
ra30)KM akoct h o CMecM, cenapaTop 2 c 

>KMAKOCTHO^ 3 M ra30BOfi 4 JlMHMflMM, HaCOC 5, 
3)KeKTOp 6, J1MHMK) 7 nOA3HM ra 30)KM AKOCT H 0 ft 

CMecM noTpe6MTenio, timhmkd 8 OTGopa nacTM 
raso)KMAKOCTHofi CMecM 8 c peryriMpyeMoR 

3aABM)KKOR 9. 

CnOCOO" paCOTbl HaCOCH0-3)KeKT0pH0M 

CMCTeMbl ocymecranHioT cneAyioiAMM o6pa30M. 

Ta30)KMAKOCTHyio CMecb noAaiOT Ha bxoa 
CMCTeMbl no exoAHOMy Tpy6onpoBOAy 1. B 
cenapaTope 2 CMecb pa3AejiaeTCfl Ha ra3 m 

>KMAKOCTb. >KMAKOCTb no >KM AKOCT HO JIMHMM 3 
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nocTynaeT b Hacoc 5 m HameTaeTca b aKTMBHoe 
corino 3>KeKTopa 6. OTcenapMpoBaHHbifl ras 
nocTynaeT no ra30Bofl jimhmm 4 b npMeMHyio 
KaMepy 3)Keicropa 6 m sweKTMpyeTca 
HameTaeMOfl HacocoM 5 jkm akoct bio. HacTb 
ra30)KMAK0CTH0^ CMecM, nocTynaiomefi Ha bxoa 
CMCTeMbl no TpyConpoBOAy 1. 0T6Mpai0T m 
HanpaBfiflioT no jimhmm 8 Ha 3>KeKTMpoBaHMe 
HameTaeMoi^ OTcenapMposaHHO^ XMAKOCTbio 
coBMecTHo c noTOKOM oTcenapMpoBaHHoro ra3a. 
PacxoA OTOMpaeMofl rasoKMAKOCTHoC^ CMecM 
mokho M3MeH«Tb c noMoiAbio peryriMpyeMO^ 
3aABM)KKM 9. nocne SKeicropa 6 ra30>KMAKOCTHa« 
CMecb c noBbiiueHHbiM Aas/ieHMeM 
HanpaB/ifleTCfl noTpe6MTenio no jimhmm 7. 

noAana ra 30>km akoct ho R CMecM b noTOK 
3>KeKTMpyeMoro rasa ynynujaeT 3Heproo6MeH 
Mex<Ay HarHeTaeMoft pa6oHe« KMAKocTbio m 
3>KeKTMpyeMO« cpeAofl, hto noBbiiuaeT 

npOM3BOAMTeJlbHOCTb HaCOCHO-3>KeKTOpHOM 
CMCTeMbl. 

OnTMMM33L\MM paSOTbl 

HacocHO-3)KeKTopHOM CMCTeMbl npeABapMTenbHo 
Anfl paanMHHbix pacxoAOB OT6MpaeMofl 

ra30>KM AKOCT H O R CMeCM CTpOflT 

XapaKTepMCTMHeCKyiO 3aBMCMMOCTb Q c = 

^(QnKC OT6 ), no KOTODOfl yCTaHaBXlMBaHDT pe>KMM 

pa6oTbi CMCTeMbl b Anana30He BepxHeM BeTBM 

XapaKTepMCTMHeCKOM 3aBMCMMOCTM, 
OrpaHMHeHHOM BeJIMHMHOM MaKCMMailbHOrO 

pacxoAa OT^MpaeMOM ra3 o)km akoct h o m CMecM. 

HanpMMep, npM McnwTaHMflx cnocooa Afifl 
cjiynaw OTKaMKM BOAOB03AyuJHoR CMecM c I1AB - 
AMcoriBaHOM 4411 Ha naoopaTopHOM CTeHAe b 
MAHV mm. M. M. Ty6KMHa SbiriM nonyneHbi 
cneAyioLUMe pe3yribTaTbi, npeACTaB/ieHHbie b 

riO SKCnepMMeHTaJlbHblM T0HK3M CTpOMTCfl 
XapaKTepMCTMHeCKafl 3aBMCMM0CTb Q c = 

f(QnKC 076 ). 3Ta 33BMCMM0CTb MMeeT ABe BeTBM 
- BepXHKDK) (cnxioujHafl HMHM51 Ha o>Mr. 2) M 
HM>KHIOK) (npepblBMCTafl JlMHMfl Ha cpMr. 2). Us 

aHaxiMsa xapaiaepMCTMHecKoR saBMCMMOCTM 
cneAyeT, hto BHanane npM otkpwtmm 
peryriMpyeMOM 3aABM)KKM yBeriMHMBaeTCfl kbk 
pacxoA 0T6MpaeM0M ra30>KM akoct hom CMecM, TaK 

M npOM3BOAMTeJlbHOCTb CMCTeMbl. 3aTeM 

npoM3BOAMTe/ibHocTb CMCTeMbl npoxoAMT Hepe3 
MaKCMMyM m npM AaJibHeC^LijeM yBeriMHeHMM 
pacxoAa 0T6MpaeM0M ra3o>KM akoct ho CMecM 
CHM>KaeTCfl. flpM nocneAyfOLi^eM otkpwtmm 
peryriMpyeMoR 3aABM>KKM 3aBMCMM0CTb Q| = 
f(Q™<c 076 ) 3arvi6aeTCfl B/ieBo, nepexoA^ c 
BepxHeM BeTBM Ha hm)khk)K). TpaHMua Me>KAy 

BeTBflMM XapaKTepMCTMHeCKOM 33BMCMM0CTM 

onpeAermeTca 3HaneHMeM MaKCMMaribHoR 

nOABHM OT6MDaeMOM raSOKMAKOCTHOfi CMeCM 
(Qr>Kc OT6 )MaKC (CM. cf)Mr. 2). TaKMM 06pa30M, 
AanbHeMiuee OTKpbiTMe peryrmpyeMOM 3aABMXKM 

npMBOAMT K CHM)KeHMK) IOK paCX0A9 OT6MpaeMOM 
ra30)KM AKOCT H O ft CMeCM, TaK M 

npOM3BOAMTeJlbHOCTM CMCTeMbl. 

Bonee BbiroAHbie pe>KMMbi pa6oTbi 
peaxiMsyioTCJi b 30He BepxHeM BeTBM, nosTOMy 
HacocHo-3)KeKTopHy»o CMcreMbi SKcnnyaTMpyiOT b 

30He ' BepXHeM* BeTBM XapaKTepMCTMHeCKOM 
33BMCMM0CTM Q c = f(QnKC 0T€ )- Ecjlt1 pe>KMM 
pa60Tbl CMCTeMbl OKaSblBaeTCfl B HM)KHeR BeTBM 
XapaKTepMCTMHeCKOM 3aBMCMMOCTM - 30He 

yxyAiueHHoro 3Heproo6MeHa Me>KAy 

B3aMMOAeMCTByK)LAMMM nOTOKaMM, TO 

Heo6XOAMMO nOJlHOCTbK) 3aKpblTb 

peryriMpyeMyio 3BABM>KKy 9 m saTeM, nocTeneHHo 
npMOTKpbiBan ee, BbiBecTM CMCTeMy Ha 
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3KcruiyaTai4MK) b eepxHefl bgtbm 
xapaKrepucTMHecKO^ aaBHCMMoc™, He 
nepexoAfl npn stom KpnTHMecKyto TOHKy 

( Q OKC )m3KC- 

flnn ooecneHeHM* MaKCMMsuibHoR 
nponsBOAMTenbHOCTM cvicTeMbi onpeAe/iflJOT 
3HaMeHne onTWManbHoro pacxoAa OT6upaeMofl 
raaojKMAKOCTHofi ciwecu (QnKc ar6 )om. 
cooTBeTCTByioLuee MaKCHMa/ibHOM 

npOM3BOAHTenbHOCTM CMCT8Mbl (Q c ) M aKC ( CM - 

<$w\ 2), w pacxoA OT6npaeMofl ra30>KUAKOCTHOfl 
cm8cm noAaep>KviBaK)T C nOMOU^bK) 
perynnpyeMOfi 33ABM)kkm 9 b Awana30He 
0,52-1,5 (QnKc OT6 )om- TpaHML^bi Anana30Ha 
ycTaHOBneHbi no 3KcnepnMeHTanbHbiM AaHHbiM, 

HCXOAA M3 yCJIOBMfl, MTO CHM>KeHUe 
npOM3BOAMTe/lbHOCTH CMCTeMbJ npH 3TOM He 

AO/dkho npeBbiiuaTb 10% ot (QcWc TaK, fln* 

MaKCHMa/lbHOfl npOM3BOAHTe^bHOCTM 4,62 n/c, 

nonyneHHOM b 3KcnepnMeHTax, 

npon3BOAHTenbHocTb c yMeTOM AonycTMMoro 
10%-Horo CHM>KeHMfl cocraBJiHeT 4,17 n/c. l/Is 
xapaKTepucTMMecKoft saBHcuMOCM (cm. $nr. 2) 
cneAyeT, mto rpaHnuaMH WHTepBana, b kotopom 
Q c > 4,17 n/c, HBJiflioTca 3HaneHnw Qdkc ot6, 
paBHbte 0,4 /i/c m 1,16 n/c. (1o OTHomeHMK) k 

(Q nKc OT6 )orTT = 0776 Jl/C 3TH BenMMMHbl 

cocTaBnflfOT 0,52 h 1,5. TaKUM o6pa30M, 
npeAnaraeMbi^ cnocoo" no3Bon«eT 
SKcnnyaTupoBaTb HacocHo-3>KeKTOpHyio cucieiviy 
b oGnacTM HauBbjroAHefiujero 3Heproo6MeHa 

Me>KAy B3aMMOAe^CTByK)mMMH HOTOKaMU u 

cyu^ecTBeHHo noBbiwaiOT npon3BOAHTenbHOCTb 
cucTeMbi, mto AaeT B03 moxh ocTb 3HannTenbHO 
paciunpnTb o6nacTb npnivieHeHMfl 
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HaCOCHOSWeKTOpHblX CMCTeM B HapOAHOM 
X03HfiCTBe. 

OopMyna M3o6peTeHM«: 

1. CnOCOB PABOTbl 
HACOCHO-3>KEKTOPHOI/i CUCTEMbl, 
BKnioHaioiijMft noAany ra30>KMAKOCTHOfl cm ecu Ha 
bxoa cucTeMbi, cenapai4MK) CMecu, HameiaHMe 
OTcenapwpOBaHHOfl khakoctm h s^eKTuposaHne 
eio oTcenapupoBaHHoro rasa, oniHHaioinHficfl 

T6M, MTO HaCTb raSOJKMAKOCTHOM CM6CH, 

noAasaeMO^ Ha bxoa cucTeMW, oTGnpaioT m 
HanpaBn^JOT coBMecTHO c noTOKOM 
OTcenapupoBaHHoro ra3a Ha sxeKTupoaaHne 
HarHeTaeMofi oTcenapupoBaHHoCi wwAKocTbio. 

2. Cnocoo" no n.1, oniHHaioLUHflcfl TeM, mto 
npeABapMTenbHO An« pasnnMHbix pacxoAOB 
0T6npaeM0^ ra30>KUAKocTHOtf CMecu CTpoflT 
xapaKrepucTMMecKyio 3aBucnMOCTb 

Qc = f(QnKc). 

fAe Q c - npon3BOAHTenbHocTb cucTeMbi no 
ra3 o>km akoct ho m CMecu, n/c; 

Q^c - pacxoA 0T6npaeM0« ra3o>KWAK0CTH0fl 
CMecM, n/c; 

no kotopom ycTaHaenMBaioT pewuM paooTbi 
cucTeMbi b A^anasoHe BepxHefi BeTBH 

XapaKTepMCTMMeCKOM 3aBMCMMOCTM, 

orpaHMMeHHOfi BennMUHOM MaKCHManbHoro 
pacxoAa 0T6npaeM0M ra3o>KHAKOCTHofi CMecu. 

3. Cnoco6 no nn.1 m 2, omHnaiomuficfl TeM, 
mto onpeAennioT 3HaneHne onTHManbHoro 
pacxoAa oT6npaeMofi ra30KM akocth o 
CMecu Orxcom. cooTBeTCTByrai^ee 
MaKCMManbHoK npovi3BOAMTenbHOCTM cucTeMbi, 
m noAA©P>KHBaK)T pacxoA OTOupaeMofi 
ra30>KMAKOCTHOM cm ecu b Anana3QHe (0,52 - 

1.5)QnKc.onr- 
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